Background/Aims: Ginsenoside Rg1 has been demonstrated to exhibit neuroprotective effects in various studies. This study aimed to investigate the neuronal mechanisms underlying the neuroprotective and antidepressant-like effects of ginsenoside Rg1 in a rat model of depression. Methods: Chronic unpredictable mild stress was used to induce depression-like behaviors in rats. Transmission electron microscopy was used to observe neuronal synapses within the basolateral amygdala (BLA). The expression of microRNA (miR)-134 in the BLA was verified by real-time quantitative PCR. Finally, the synaptic plasticity-associated proteins CAMPresponse element binding protein (CREB) and brain-derived neurotrophic factor (BDNF) were detected by immunoblotting. Results: Results showed that chronic stress effectively induced depression-like behaviors in rats, which were associated with significant ultrastructural changes within BLA neurons. Moreover, chronic stress decreased the expression of miR-134 in the BLA, which was accompanied by decreased phosphorylation of CREB and decreased expression of BDNF. Remarkably, chronic administration of ginsenoside Rg1 (40 mg/kg, i.p., 5 weeks) significantly ameliorated the neuronal structural abnormalities and biochemical changes induced by chronic stress, as well as preventing depression-like behaviors in these rats. Conclusion: Results suggested that ginsenoside Rg1 may exhibit neuroprotection and antidepressant-like effects by activating the CREB-BDNF system within the BLA in this rat model of depression. Amelioration of depression-like behaviors by ginsenoside Rg1 appears to involve modulation of the synapse-associated factor miR-134 within the BLA. Therefore, these findings demonstrate some of the neuronal mechanisms associated with depression and the therapeutic potential of ginsenoside Rg1 for use in the treatment of depression in clinical trials.
Introduction
Depression is a major psychiatric disorder that is related to neuronal structural changes within specific brain regions that result from molecular and cellular changes induced by external stress stimuli [1] [2] [3] . Recently, the basolateral amygdala (BLA), which serves as the key locus in mediating initial stages of cortical processing to the amygdala, has been recognized as a critical brain region involved in the pathophysiology of depression [4, 5] . Neuroimaging studies have shown that chronic or traumatic stress leads to hyperactivity of the amygdala in depressed patients [6] [7] [8] [9] , and chronic stress increases the number of dendritic spines and dendritic length of principal BLA neurons in animal models of depression [10] [11] [12] . Therefore, these studies suggest the possibility that structural and functional plasticity of BLA neurons may contribute to a range of emotionally related behaviors, including depression. However, the molecular mechanisms underlying this neuronal plasticity in dendritic morphology, spine number, or spine distribution within the BLA and how stressors lead to these changes are yet to be determined.
MicroRNAs (miRNAs) have been suggested to be important factors in epigenetic control of neural plasticity in the brain [13, 14] . MiR-134, a brain-specific miRNA mainly localized to the synapto-dendritic compartment of neurons, has been hypothesized to play a key role in synaptic development and plasticity [15] . Previous studies suggested that miR-134 regulates distinct sets of target genes involved in the formation, maturation, and/ or plasticity of synapses. For example, miR-134 was found to regulate synaptic plasticity and memory formation by inhibiting translation of some plasticity-related proteins such as cAMP response element-binding protein (CREB) and brain derived neurotrophic factor (BDNF) [16] . CREB, a key nuclear transcription factor, has been well documented in neuronal plasticity and long-term memory formation [17, 18] . Its activation promotes the transcription and translation of BDNF, a crucial regulator involved in providing lifelong protection and regulation of neuronal structure and function [19] [20] [21] . It has been demonstrated that chronic stress leads to a reduction in hippocampal BDNF levels in rats [22] , and clinical studies also indicated characteristic decreases in BDNF expression in the serum and amygdala of patients with major depressive disorders [23, 24] . The importance of BDNF has been further supported by findings that showed that local infusion of BDNF into the hippocampus induces antidepressant-like effects in some animal models of depression [25] . However, it is not known whether such effects are involved in chronic stress-induced dysregulation of neuronal plasticity in the BLA and thereby lead to depression-like behaviors.
In recent years, herbal medicines have become a novel and attractive pharmacotherapy in the treatment of depression due to their antidepressant-like effects and high safety margins [26, 27] . Ginsenoside Rg1, the major active ingredient of the herb Panax Ginseng, has been shown to be a potential neuroprotective agent for Alzheimer's disease and other neurological disorders [28, 29] , and to improve cognitive and memory impairments in animal models [30, 31] . Recent studies have shown that ginsenoside Rg1 exerts antidepressant-like effects by reversing reductions in BDNF protein levels induced by chronic stress in the mouse hippocampus [32] . Such results suggest a possible relationship between the neuroprotective effects and antidepressant-like effects of ginsenoside Rg1. However, the underlying mechanisms of ginsenoside Rg1 in the regulation of neurotrophic factor expression remains unknown. Neurotrophic factor expression is related to structural and functional plasticity of neurons in the pathophysiology of depression, and such understanding of regulation may lead to the discovery of mechanisms underlying the amelioration of depression-like behaviors in these animals.
In this study, we investigated the neuroprotective and antidepressant-like effects of ginsenoside Rg1 in a chronic unpredictable mild stress (CUMS)-induced animal model of depression. To further explore the possible involvement of neurotrophic activity in mediating the antidepressant-like effects of ginsenoside Rg1, the role of miR-134-mediated activity of the CREB/BDNF signaling pathway was assessed in the BLA, a specific brain region associated with depression in this animal model.
Materials and Methods

Animals
Male Wistar rats weighing 160-180 g were obtained from the Shandong University Animal Centre. All procedures were approved by the Shandong University Animal Care and Use Committee and were performed in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals (National Research Council, 1996) . Rats were housed in groups of four per cage in standard plastic cages under controlled temperature (22-24°C) and humidity (50±10%) conditions with a 12-h light/dark cycle (lights on at 6:30 a.m.), and were acclimatized to these laboratory conditions for at least 1 week prior to the start of the experiments. Food and water were freely available throughout the experiments except during certain experimental procedures. All efforts were made to minimize pain and the number of animals used in these experiments.
Drugs and treatment
Ginsenoside Rg1 (Shanghai Winherb Medical S & T Development Co., Ltd., Shanghai, China) was dissolved in normal saline at a final concentration of 10 mg/ml. The dose and route of ginsenoside Rg1 administration used in this experiment were chosen based on previous results [33] . In all experiments, drugs were administered intraperitoneally (i.p.) at a constant volume 30 min prior to stress exposure, which was conducted once a day for 5 weeks. Rats were randomly allocated to one of the following four groups (n = 12/group): (a) non-CUMS, (b) CUMS, (c) ginsenoside Rg1 (40 mg/kg) followed by CUMS, and (d) vehicle (physiological saline, 10 ml/kg) followed by CUMS. To habituate rats to the i.p. injections, all rats were administered saline (10 ml/kg) daily for three days prior to the experiment.
CUMS procedure
The CUMS procedure was conducted as described previously [34] , with minor modifications. Briefly, non-stressed rats were housed in groups of four per cage in standard plastic cages in a room separate from stressed rats to avoid the influence of stress stimuli. Rats in the other three groups were randomly assigned to social isolation accompanied by a weekly stress regime consisting of 24 h food deprivation followed by 24 h water deprivation, 45° cage tilt (24 h), 5 min cold swimming (at 4°C), 2 h physical restraint, cage moisture (24 h), and overnight illumination. One of these stressors was applied individually each day in a random order for a continuous 5-week period.
Behavioral tests
Sucrose preference test. Rats were tested for anhedonia using the sucrose preference test as described previously [34] , with minor modifications. Briefly, after 5 weeks of CUMS exposure, animals were placed individually in cages to habituate to sucrose solution (1%, w/v) before onset of the sucrose test. During this test, two bottles of 1% sucrose solution were placed in the cage for the first 24 h, followed by replacement of one of the bottles with a bottle of tap water for the second 24-h period. After the adaptation phase, rats were deprived of food and water for 24 h. Then, rats were permitted free access to the two bottles, one containing 100 ml of sucrose solution (1%, w/v) and the other 100 ml of tap water, for 3 h. Consumed volumes of sucrose solution and tap water were recorded, and sucrose preference, which is an indicator for assessing anhedonia, was then calculated as sucrose consumption/ (water consumption + sucrose consumption) × 100%.
Forced swim test. Rats were subjected to the forced swim test as described previously [35, 36] . Briefly, rats were placed individually in a cylinder (height: 80 cm; diameter: 30 cm) filled with 50 cm of water at 25°C for two consecutive swim sessions. For the first session (training session), each rat was placed individually in the chamber for 15 min of forced swimming. Twenty-four hours later, the rat was placed in the cylinder for a 5-min session (test session). An observer who was blind to the treatment condition of the animal scored the 5-min test for durations (in seconds) of immobility (floating or only movements required to keep the head above water), swimming, and struggling (climbing walls or diving).
Open field test. The open-field test was performed to measure spontaneous locomotor activity as described previously [37] , with minor modifications. In the present study, the test chamber consisted of Yu et al.: Ginsenoside Rg1 Prevents Depression Phenotypes a square plywood arena (100 × 100 × 40 cm) with a black surface covering the inside walls. The floor was divided into 25 equal squares by black lines. The rat was placed in the center of the arena and was allowed to explore freely for 5 min. During the test session, horizontal locomotor activities (segments crossed with all four limbs) and vertical exploratory activities (number of rearings defined as standing on their hind limbs) were counted. The box was cleaned after each test session to remove any olfactory cues.
Quantitative real-time PCR
Twenty-four hours after behavioral testing, rats were anesthetized with sodium pentobarbital (150 mg/kg, i.p.) and the brain was quickly removed. Then, the BLA was carefully dissected while being maintained on ice, and total RNA was isolated using the RNA rapid extraction kit (Aidlab Biotechnologies, Ltd., Beijing, China) according to the manufacturer's protocol. Two micrograms of total RNA was used to generate cDNA as a template by reverse transcription using the All-in-One TM miRNA First-Strand cDNA Synthesis Kit (GeneCopoeia, Guangzhou, China). The reverse transcription reaction was amplified using a Bio-Rad CFX96 Detection System (Bio-Rad Laboratories, Hercules, CA). For miRNA amplification, rnomiR-134 (RmiRQP0168, GeneCopoeia) were used as primers and U6 snRNA (RmiRQP9003, GeneCopoeia) was used for miRNA control. Quantitative real-time PCR was performed using the Bio-Rad IQ5 Real Time PCR System (Bio-Rad Laboratories), and the reaction conditions were 95°C for 10 min, followed by 40 cycles of 95°C for 10 s, 55°C for 20 s, and 72°C for 15 s. The relative fold change in expression of miR-134 was determined by the ΔΔCT method using Bio-Rad IQ5 Software (Bio-Rad Laboratories).
Electron microscopy analysis
After the brains were removed, they were processed for transmission electron microscopy analysis after behavioral tests. The BLA (1 × 1 × 1 mm) was carefully dissected while kept on ice and was then placed in 2.5% glutaraldehyde at 4°C for 4 h after being rinsed in 0.1 M sodium citrate buffer (pH 7.4). The tissue was then fixed with 1% osmium tetroxide for 1 h and subjected to a graded ethanol dehydration series. The tissue was then infiltrated with a mixture of one-half propylene oxide overnight and embedded in resin. Ultrathin sections (70 nm thick) were cut using an ultramicrotome (Ultracut N, Leica, Wetzlar, Germany) and then stained with 4% uranyl acetate for 20 min followed by 0.5% lead citrate for 5 min. The ultrastructure of BLA neurons was observed under a transmission electron microscope (Philips Tecnai 20 U-Twin, Holland). Analysis of synaptic density was carried out by the size-frequency method as described previously [38, 39] . In this study, at least 30 micrographs were randomly taken from each rat for analysis. The measurement was performed by researchers who were blind to the treatment condition of the animal, and was assisted by the use of Image J analysis software (National Institutes of Health, Bethesda, MD).
Western blot analysis
In this study, the BLA of each rat was analyzed separately. The BLA was immediately homogenized in 600 µl ice-cold lysis buffer with protease inhibitor cocktail for a 30-min incubation period. The homogenate was centrifuged at 14, 000 rpm for 10 min at 4°C and supernatants collected for protein concentration measurement. Thirty micrograms of proteins were then loaded onto each lane and electrophoretically separated on 12% sodium dodecyl sulfate polyacrylamide gel electrophoresis gels and transferred for western blot analysis. Primary antibodies used were polyclonal rabbit anti-BDNF (1:500, Santa Cruz Biotechnology, Santa Cruz, CA), anti-CREB (1:1000, Cell Signaling Technology, Danvers, MA), and antiphospho-CREB (1:200, Cell Signaling Technology), and anti-βactin (1:8000, Santa Cruz Biotechnology). Horseradish peroxidase-conjugated antibody (1:5000, Santa Cruz Biotechnology) was used as the secondary antibody. A high-sensitivity enhanced chemiluminescence kit (GE Healthcare, Little Chalfont, UK) was used for analysis. Protein band densities, which were combined for each group (six rats per group), were quantified using Image J software (National Institutes of Health) and were normalized to β-actin. Final data were expressed as a percentage of the control.
Data analysis
All statistical procedures were performed on SPSS version 13.0 (SPSS Inc., Chicago, IL). All values were expressed as the mean ± standard error of the mean (SEM). Data were evaluated by repeated-measures twoway analysis of variance (stress × treatment), while different treatment values were compared using t-tests where appropriate. Differences with a P value less than 0.05 were considered statistically significant.
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Results
Effects of ginsenoside Rg1 in the sucrose consumption test
Sucrose consumption is an indicator of anhedonia-like behavioral change. The effects of ginsenoside Rg1 (40 mg/kg daily) pretreatment on sucrose preference test performance of CUMS-exposed rats are shown in Fig. 1 . There were significant differences among the four groups regarding the percentage of sucrose consumption (F (3, 44) = 18.26, P < 0.01). The percentage of sucrose consumption was significantly reduced in rats subjected to 5-week CUMS exposure compared with the non-stressed control group, while chronic pretreatment with ginsenoside Rg1 (40 mg/kg daily) significantly increased the percentage of sucrose consumption in CUMS-exposed rats. Such results suggest a potent antidepressant-like effect of ginsenoside Rg1 in these CUMSexposed rats. No statistically significant differences were obtained between the vehicle-treated CUMS-exposed and CUMSexposed groups with regards to sucrose consumption (P > 0.05).
Effects of ginsenoside Rg1 in the forced swim test
Effects of ginsenoside Rg1 administrations on immobility times in the forced swim test are presented in Fig. 2. An overall significant difference was obtained among these groups with regards to immobility times (F (3, 44) = 17.38, P < 0.01) and swimming times (F (3, 44) = 15.56, P < 0.01) in this behavioral test. Results indicated that a 5-week CUMS exposure significantly increased immobility times while decreasing swimming times in Fig. 1 . Effects of ginsenoside Rg1 on the percentage of sucrose consumption. Ginsenoside Rg1 (40 mg/ kg) alleviated decreased consumption of sucrose solution in CUMS-exposed rats in the sucrose preference test. All values are presented as the mean ± SEM (n = 12). ** P<0.01 compared with the control group (non-stressed).
## P < 0.01 compared with the CUMS-exposed group. && P<0.01 compared with the control group (non-stressed). G-Rg1: ginsenoside Rg1. 
these rats compared with the nonstressed control group. In contrast, daily pretreatment with ginsenoside Rg1 in doses of 40 mg/kg significantly decreased immobility times and increased swimming times in comparison with the CUMSexposed animals. There were no significant differences between the vehicle-treated CUMS-exposed and CUMS-exposed groups with regards to immobility times (P > 0.05). Additionally, there were no overall statistically significant differences among the four groups with regards to struggling behavior (P > 0.05). Such decreases in the duration of immobility suggest an antidepressant-like effect of ginsenoside Rg1 in these CUMS-exposed rats.
Effects of ginsenoside Rg1 on locomotor activities in the open field test
The effects of ginsenoside Rg1 administrations on horizontal locomotion (number of crossings) and vertical exploration (number of rearings) in the open-field test were recorded. The results, as summarized in Fig. 3 , showed a statistically significant difference among the four groups in both the number of crossings (F (3, 44) = 14.85, p < 0.01) and rearings (F (3, 44) = 12.91, p < 0.01). Five-week CUMS exposure significantly reduced the number of crossings and rearings compared with rats in the non-stressed control group. Whereas, chronic pretreatment with ginsenoside Rg1 (40 mg/kg daily) significantly increased the number of crossings and rearings in CUMSexposed rats compared with the CUMSexposed group. No statistically significant differences were obtained between the vehicle-treated CUMS-exposed group and CUMS-exposed control groups with regard to horizontal (crossings) and vertical (rearings) activities (P > 0.05). Again, these assays provided a third behavioral finding indicating that stress reduction occurred in the ginsenoside Rg1 pretreated rats.
Effects of ginsenoside Rg1 on ultrastructure of the BLA
The ultrastructure of neuronal synapses within the BLA was observed using transmission electron microscopy. Results revealed that there was an overall statistically significant difference in synaptic number density of BLA neurons among these four groups (F (3, 12) = 16.87, P < 0.01). As shown in Fig. 4 , the synaptic number density in the BLA of rats is significantly decreased after 5-week CUMS exposure compared with that of the non-stressed control group, while chronic pretreatment with ginsenoside Rg1 significantly ameliorated the decrease in synapses observed within the BLA of CUMS-exposed rats. No significant differences were obtained between the vehicle-treated CUMS-exposed and CUMS-exposed groups with regard to synapse numbers in the BLA (P > 0.05). In addition, mitochondrial degradation and vacuoles in the cytoplasm in CUMS-exposure rats were also ameliorated by ginsenoside Rg1 pretreatment. Such reductions in ultrastructural abnormalities demonstrate a potential neuroprotective effect of ginsenoside Rg1, which may involve one of the mechanisms that underlie its antidepressant-like effects.
Effects of ginsenoside Rg1 on miR-134 expression in the BLA
As miR-134 has the potential to modulate structural plasticity of synapses, we next examined miR-134 expression in the BLA region. Analysis revealed that there was a statistically significant difference among these groups with regards to the expression levels of miR-134 in BLA regions (F (3, 20) = 18.23, P < 0.01). As shown in Fig. 5 , expression of miR- Relative quantity of miR-134 versus U6 expressions in each group are presented as the mean ± SEM (n = 6). ** P<0.01 compared with the control group (non-stressed).
## P < 0.01 compared with the CUMSexposed group. && P<0.01 compared with the control group (non-stressed). G-Rg1: ginsenoside Rg1. Phosphorylated-CREB levels were normalized to their corresponding total CREB levels and expressed as the mean ± SEM (n = 6). ** P<0.01 compared with the control group (non-stressed).
## P < 0.01 compared with the CUMS-exposed group. && P<0.01 compared with the control group (non-stressed). G-Rg1: ginsenoside Rg1. Cellular Physiology and Biochemistry 134 in the BLA was significantly reduced after 5 weeks of CUMS exposure compared with that of the non-stressed control group, while chronic pretreatment of ginsenoside Rg1 significantly increased the expression of miR-134 in the BLA of CUMS-exposed rats. No significant differences were obtained between the vehicle-treated CUMS-exposed group and CUMS-exposed groups with regards to the expression of miR-134 in the BLA (P > 0.05). These results indicate that the miR-134 signaling pathway within the BLA may be involved in the antidepressantlike effects of ginsenoside Rg1 in these depressed rats.
Effects of ginsenoside Rg1 on CREB activity levels in the BLA
To determine whether ginsenoside Rg1 treatment affected synaptic-associated proteins, expression and phosphorylation levels of CREB, a nuclear transcription factor that has been reported to be a key mediator of cell survival, were assessed in the BLA of these rats. Western blot analysis showed that there was an overall significant difference in phosphorylation levels of CREB within the BLA regions among the four groups (F (3, 20) = 17.09, P < 0.01). As shown in Fig. 6 , there was a significant decrease in the expression and phosphorylation of CREB protein in the CUMS-exposed rats compared with that of the non-stressed control group. These decreases were significantly ameliorated in rats pretreated with ginsenoside Rg1. No significant differences were observed between the vehicle-treated CUMS-exposed and CUMS-exposed groups with regards to CREB protein expression and phosphorylation levels in the BLA (P > 0.05). Such reductions in BLA CREB protein expression and phosphorylation of CUMS-exposed rats by ginsenoside Rg1 reveal an additional potentially important mechanism involved in the antidepressant-like effects of this agent.
Effects of ginsenoside Rg1 on BDNF protein levels in the BLA
To further determine whether neurotrophic factors are involved in the anti-depressant effects induced by ginsenoside Rg1, protein expression levels of BDNF in the BLA were investigated. Statistical analysis of BDNF expression within the BLA also showed an overall significant difference among these groups (F (3, 20) = 17.28, P < 0.01). As shown in Fig. 7 , western blot assays demonstrate that exposure to a 5-week-period of CUMS resulted in a significant decrease in BLA BDNF protein levels in comparison with that observed in the non-stressed control group, while chronic pretreatment with ginsenoside Rg1 significantly ameliorated this CUMS-induced downregulation of BDNF. No significant differences were obtained between the vehicle-treated CUMS-exposed and CUMS-exposed control groups with regards to the BDNF protein levels in the BLA (P > 0.05). These results indicate that ginsenoside Rg1 can upregulate BDNF levels within the BLA of CUMS-exposure rats, suggesting another possible mechanism through which ginsenoside Rg1 may exert antidepressant-like effects. Normalized intensity bands of BDNF were presented as the mean ± SEM (n = 12). ** P<0.01 compared with the control group (non-stressed).
## P < 0.01 compared with the CUMS-exposed group.
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Discussion
Despite an increasing number of studies demonstrating a relationship between depression and structural plasticity in specific brain regions, no effective therapeutic tools with antidepressant-like properties have yet been developed. In this study, we evaluated the effects of chronic stress and pretreatment with the traditional herbal agent ginsenoside Rg1 on the expression of a variety of key regulators of structural synaptic plasticity and depression-like behaviors in rats. Results from our behavioral assays, including sucrose preference and forced swim tests, showed that CUMS induces depression-like behaviors in rats, consistent with the findings presented in previous reports [40, 41] . These behavioral responses, which are indicators of depression, were accompanied by significant structural changes in dendritic spines and synapses within the BLA. More importantly, chronic treatment with ginsenoside Rg1 significantly ameliorated these behavioral and neuronal structural changes, while markedly reducing expression levels of miR-134, CREB, and BDNF in the BLA of these CUMS rats. These findings suggested that ginsenoside Rg1 may exhibit neuroprotective and antidepressant-like effects via the activation of signaling pathways associated with synaptic plasticity in this CUMS-induced depression model.
The CUMS-induced animal model of depression is widely used in behavioral assays such as the sucrose preference and forced swim tests for evaluating the efficacy of chronic antidepressant treatments [42, 43] . The sucrose preference test serves as an index of anhedonia-like behavior. Specifically, reduction in sucrose solution consumption is associated with depression, while the restoration of this response is observed in response to chronic antidepressant treatments. This study showed that rats subjected to 5 weeks of CUMS exposure consumed decreased amounts of sucrose solution in comparison with the non-stressed group, while chronic pretreatment with ginsenoside Rg1 significantly prevented this behavioral change. The forced swim test is used for assessing "behavioral despair", another core symptom of major depressive disorders. In this test, an increase in immobility time is interpreted as an indicator of depression. Our results showed that 5 weeks of CUMS exposure caused significant increases in immobility times in the forced swim test. Ginsenoside Rg1 pretreatment dramatically decreased immobility times while significantly increasing swimming times of CUMS-exposed rats, which were consistent with results from previous studies [44, 45] . Similarly, in the open-field test, CUMS exposure significantly reduced the number of crossings and rearings, suggesting a loss of exploration and interest to a novel environment [46] . This reduction in locomotor activity was also ameliorated by chronic pretreatment of ginsenoside Rg1. Taken together, these behavioral results suggested that ginsenoside Rg1 treatment exerts antidepressant-like effects in this CUMS-induced animal model of depression.
This study also showed that antidepressant-like effects of ginsenoside Rg1 in this CUMS-induced depression model were accompanied by a dramatic amelioration of neuronal structural changes in the BLA, a critical structure considered to be associated with depression. It has recently been demonstrated that depression is associated with a range of neuronal structural changes in several brain regions [47, 48] . For example, chronic stress induces morphological changes in dendrites and spines in hippocampal pyramidal [49, 50] and prefrontal cortex neurons [51, 52] , as well as causing changes in synaptic parameters within the amygdala [53] , all of which are associated with structural plasticity changes in depression. In the present study, we focused on the BLA, another important region associated with depression. At this site, we investigated the relationship between neuronal structural plasticity and antidepressant-like effects of ginsenoside Rg1. The results of our ultrastructural analysis using electron microscopy showed that 5 weeks of CUMS exposure lead to significant ultrastructural changes in BLA neurons consisting of decreases in synaptic number, surface density and thickness of post synaptic density. Such alterations indicate some of the ultrastructural abnormalities in BLA that may be involved in the underlying mechanisms of depression-like behaviors induced by chronic stress. More importantly, long-term ginsenoside Rg1 treatment ameliorated these ultrastructural abnormalities Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry in BLA neurons, thus preventing depression-like behaviors in these CUMS-exposed rats. Collectively, these results provide evidence suggesting that the potential antidepressant-like mechanisms of ginsenoside Rg1 may involve its neuroprotective effects related to synaptic structural plasticity.
To further explore the signaling pathways underlying potential neuroprotective events associated with the antidepressant-like effects of ginsenoside Rg1, we examined miR-134 expression. miR-134 negatively regulates synaptic plasticity by inhibiting translation of key plasticity proteins. Specifically, the presence of miR-134 within dendrites at post-synaptic sites suggests a possible functional role that may be involved in the regulation of synapse structure and function [15] . Our results reveal that the antidepressant-like effects of ginsenoside Rg1 in this CUMS model of depression were accompanied by changes in miR-134 expression within the BLA. Specifically, we found that 5 weeks of CUMS exposure significantly increased miR-134 levels in the BLA. Long-term pretreatment with ginsenoside Rg1 significantly attenuated miR-134 overexpression, which was accompanied by amelioration of depressionlike behaviors in these CUMS-exposed rats. These results suggest that miR-134 may act as a negative regulator of dendritic synapse morphology in BLA neurons subjected to chronic stress, and in this way, reveals an additional neuroprotective mechanism of ginsenoside Rg1 in producing antidepressant-like effects.
We also found that increases in miR-134 expression in response to CUMS exposure were accompanied by significant down-regulation of CREB and BDNF in the BLA. Again, systemic administration of ginsenoside Rg1 effectively prevented the deficits of these proteins induced by CUMS in the BLA. CREB is considered to be one of the key potential target molecules activated downstream of miR-134, and activation of CREB will in turn lead to increased BDNF gene expression [54, 55] . Previous studies have reported that ginsenoside Rg1 could upregulate the BDNF signaling pathway within the hippocampus, preventing decreases in dendritic spine density resulting from chronic stress in mice [32] . These findings suggest that a distinct signaling pathway downstream of miR-134 may account for the ginsenoside Rg1-mediated neurotrophic effects in these CUMS-exposed rats. Our current results demonstrate that ginsenoside Rg1 increased CREB phosphorylation and BDNF expression accompanied by decreased expression of miR-134. When combining these findings with those from our ultrastructure assays, our results indicate that the miR-134-CREB-BDNF signal transduction cascade may contribute to the structural and/or functional regulation of neurons in the BLA by ginsenoside Rg1. Thus, these data strongly support the hypothesis that CREB-BDNF cascade activation may act as a positive candidate for the miR-134 regulated neuroprotective effects of ginsenoside Rg1 upon amelioration of CUMS-induced depression-like behaviors. In this way, ginsenoside Rg1 may suppress miR-134 activation, thereby up-regulating the expression of its downstream signaling components, the synaptic plasticity-related CREB and BDNF proteins within BLA neurons, to produce the morphological changes of neuronal synapses that can then ameliorate depression-like behaviors in rats.
Conclusion
The results of this study suggest that chronic administration of ginsenoside Rg1 is effective in ameliorating depression-like behaviors, which may in part involve distinct neuroprotective effects in this CUMS-treated animal model of depression. Specifically, this study provides the first in vivo finding that one of the possible mechanisms for the antidepressant effects of ginsenoside Rg1 involves amelioration of dysregulation in neuronal structural plasticity within the BLA. These findings provide a novel potential regimen by which herbal antidepressants may exert therapeutic effects in the treatment of depression.
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